Motivation: Identification of small molecules that could be interesting starting points for drug discovery or to investigate a biological system as in chemical biology endeavours is both time consuming and costly. In silico approaches that assist the design of quality compound collections or help to prioritize molecules before synthesis or purchase are therefore valuable. Here quality refers to the selection of molecules that pass one or several selected filters that can be tuned by the users according to the project and the stage of the project. These filters can involve prediction of physicochemical properties, search for toxicophores or other unwanted chemical groups.
Introduction
The search and the development of quality chemical probes acting on novel targets or on disease pathways are both time consuming and costly. Among the different technologies that can assist the process, it is known that in silico tools play an important role (Hillisch et al., 2015) . Different computations can be performed to help select quality hit compounds, some tools analyse the physicochemical (PC) properties and filter compounds based on PCderived rules, others search for the presence of toxicophores (potentially toxic chemical groups). The tools can also flag unwanted reactive chemical groups or molecules that interfere with experimental readouts [e.g. Pan Assay Interference Compounds (PAINS) or aggregators] (Baell and Holloway, 2010; Cumming et al., 2013; McGovern et al., 2002) . In general, when performing such computations, one aims at enhancing the chances of finding compounds with an acceptable absorption, distribution, metabolism, excretion and toxicity (ADMET) profile (Leeson, 2016; Leeson and Springthorpe, 2007) . We reported the first version of FAF-Drugs for Free-ADMET-Filtering tool in 2006 (Miteva et al., 2006) and the web server was significantly modified with the development of FAF-Drugs2 (Lagorce et al., 2011) and FAF-Drugs3 (Lagorce et al., 2015) . Here, we report the last version of our web server named FAF-Drugs4 and a new service, FAF-QED, that implements the quantitative estimate of drug-likeness (QED) method (Bickerton et al., 2012) (Fig. 1) . Both services are available via the RPBS' Mobyle portal, users can upload compounds in SDF/SMILES format or draw a compound with the ChemAxon's Marvin Sketch applet (www.chemaxon.com) and carry out computations appropriate for their projects. 
The FAF-Drugs4 web-server
The updated online package was developed with the aim of improving several aspects our tool including increasing the speed of the computations. To this end, we fully revised the underlying Python package of FAF-Drugs4 (http://fafdrugs4.mti.univ-paris-diderot.fr) and now the protocol involves three distinct steps: (i) a preliminary step of data curation before the filtering process that is needed to standardize the molecular structures and remove salts, counterions, inorganics, mixtures and duplicate compounds, (ii) a core procedure that computes the different parameters and (iii) a final part that collects the results, generates CSV tables (computed PC descriptors, structural alerts, PAINS), and writes SDF filtered output files. Efforts to increase the speed of the calculations focused on the second core part of the process. The procedure now employs the Python 'multi-process' module which controls a pool of worker processes to which jobs can be distributed with timeouts and callbacks and has a parallel map implementation. During this parallelized core procedure, which allowed us to increase by at least four times the speed of the calculations, PC properties and rules are computed and toxicophores and PAINS are identified. In addition, and compared to the FAF-Drugs3 version of the server, various other improvements were also implemented and include (see Supplementary Material), for instance, optimization of the standardization-neutralization procedure, refinement of the SMARTS definitions for 137 structural alerts and better detection of the 515 PAINS, the generation of the filtered subsets protonated at physiological pH and finally the possibility for the users to obtain a PDF report for the selected compounds. The tool can also search for small molecules that could potentially make a covalent bond with a macromolecular target.
3 The FAF-QED web-server PC properties can be computed to investigate the notion of chemical quality. Well-known examples applying sharp thresholds on several PC properties are the Lipinski's RO5 (Lipinski et al., 1997) or the Gleeson's RO4 (Gleeson, 2008) . Bickerton et al. (2012) reported a new approach, the so-called QED method that does not involve sharp thresholds. This approach involves eight descriptors [molecular weight (MW), octanol-water partition coefficient (logP), the number of H-bond donors and acceptors (HBAs and HBDs), the molecular polar surface area (PSA), the number of rotatable bonds (ROTBs), the number of aromatic rings (AROMs) and the search of 113 published structural alerts (ALERTs)]. For each compound a score is computed ranging from 0 (unfavourable) to 1 (favourable). The FAF-QED engine has been embedded in the RPBS' Mobyle Portal (Neron et al., 2009) , the method reads SDF input files (or SMILES format via the Bank Formatter utility) and outputs a CSV file with the calculated descriptors. The benchmarking of our implementation was performed on a dataset built of 771 orally dosed approved drugs provided in the supplementary material of Bickerton et al. (2012) . This step is important as in the original QED method, the computations of some descriptors are performed with commercial packages while here, we used 'free' methods. Our results for MW, PSA, ROTBs and HBDs present a correlation R 2 > 0.99 with the published values, while we succeeded to reach a correlation of 0.98 and 0.94 for HBAs and detection of ALERTS, respectively, by designing specific SMARTS that match as best as possible the substructures of the published studies. We scored a correlation R 2 ¼ 0.90 for logP by using the XLOGP3 method (Cheng et al., 2007) while the original approach uses AlogP (Ghose and Crippen, 1987 ) and a correlation R 2 ¼ 0.94 for AROMs by using the cxcalc command line tool available in Chemaxon JChem (version 16.6.13.0). Our implementations show good correlations with the original method for both, the weighted (w) and unweighted QED (uw) values with respectively R 2 ¼ 0.97 and R 2 ¼ 0.98 (see Supplementary Fig. S1 ).
Conclusion
FAF-Drugs helps to prioritize/annotate compounds and to analyse novel type of small molecules such as protein-protein interaction inhibitors (Lagorce et al., 2017) . A case study combining the use of FAF-Drugs4 and FAF-QED is presented in the Supplementary Material. In 2016, we monitored over 15 000 FAF-Drugs job submissions on our server (over the years, the number of jobs varies from 10 000 to 30 000/year). We believe that this new version of our server should be valuable to scientists working in the field of drug discovery, chemical biology and environmental sciences. 
